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LU61S3(US) 

RTTSPgNSTON POLYMymy. ATTON WITH fflGH snT ms r ONCENTRATIOWS IN 

f^OP REACTOR 

The present invention relates to a process for polymerizing at least one olefinic monomer 
in a loop reactor at from 20 to 150X, but below the mehing point of the polymer to be formed. 
5 and a pressure of from 5 to 100 bar, where the polymer formed is present in a suspension in a 
liquid or supercritical suspension medium and this suspension is circulated by means of an 
impeller pump. 

Suspraiaon polymerization iH^ocesses for po^erizang olefins have been known for a 
long time. A suspension polymerization in which the polymerization is carried out in a loop 

1 0 reactor has been found to be particularly useful for the polymerization of ethylene in particular, 
usually together with further comonomers. In sudi loop reactors, the polymerization mixture b 
pumped continuously through a cydic reactor tube. The pumped drcuUition firsUy achieves 
continual mixing of the reaction mixture, and also distributes the catalyst metered in and the feed 
monomere in the reaction mixture. Secondly, the pumped circulation prevents sedimentation of 

15 the suspended polymer. The removal ofthe heat ofreaction via the reactor wall is also promoted 

by the punned circulation. 

The polymer is generally discharged from the loop reactor in a discontinuous feshion in 
sedimentation 1^. These sedimentation 1^ are projections which branch off vertically from 
the lower part ofthe reactor tube and in whidi the polymer particles can settle. After 
2 0 sedunentation ofthe polymer has reached a particular point, a valve at the lower end of the 
segmentation 1^ is opened briefly and the polymo^ which has settled is discharged 
discontinuously. 

Smoe loop reactors have berai used for production purposes for many years, numerous 
efiKvts have been made to improve the economics of tiiese reactors and tiie polymerization 

25 processes carried out tiierein. An increase in tiiespace^une yield oftiie process is particularly 
desirable. The space-time yield is, in particular, limited by removal of tiie heat ofreaction via 
the reactor wall and by tiie polymer content of tiie reaction suspension. An increase in the 
proportion of solids in tiie reactor will, in particular, make discharge of tiie polymer more 
effective and maease tiie mean readcnce time of the polymer in the reactor. 

30 US-A-6,239,235 describes a polymeization process in a loop reactor, in vrtich an 

increase in tiie average proportion of soUds m tiie reactor is achieved by means of a continuous 
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discbaige system. This continuous dbcharge system was able to achieve an average proportion 
of soUds in the reactor of 53% by weight, whereas the conventional discontinuous discharge 
adiieved an average soUds concentration ofonly 45% by weight. In accordance with 
conventional teachings, the document makes no reference to a varying reactor diamet^, in 
contrast, distuibance-free flow is said to be achieved by means of gentle curves. Only in the 
region of the impeUer pump does there seem to be. apparenay for reasons of impeller 
construction, a short widening ofthe reaction tube diameter. The process described in this 

document, too, leaves something to be desired in respect of the soUds concentration in the 
reactor. The document also confirms the prevailing view that it is geiierally not possible to 

achieve polymer solids concentrations of more than 37-40 percent by w«ght in suspension 

polymoization processes. 

It is an object of the present invention to find a process for polymerizing olefinic 
monomers in a loop reactor, which process makes higher soUds concentration in the reactor and 

higiher space-time yields possible. 

We have found that this object is achieved by the process described at the outset wherein 
the polymerization is carried out at an average soUds concentration in the reactor of more than 
53% by wwght, based on the total mass of the contents of the reactor, In the case of continuous 
product discharge and at an average solids concentration m the reactor of more than 45% by 
weight, based on the total mass of the contents of the reactor, in the case of discontinuous 
product (fisdiaige. 

In addition, we have ftnmd a process described at the outset wherein the polymerization 
is carried out at an average solids concentration m the reactor of more than 53% by weight, based 
on the total mass of the contents of the reactor, in the case of continuous product discharge and at 
an average solids concentration in the reactor of more than 45% by weight, based on the total 
mass of the contents of the reactor, m the case of discontinuous product discharge, and wherein 
the loop reactor used comprises a cyclic reactor tube whose diameter varies by at least 10%. 
based on the predominant reactor tube diameter, and in which there is at least one widening and 
narrowing in a r^on other than that offlie impeller pump. It is also advantageous if the reactor 
tube additionaUy has a widening and narrowing in the region of the impeUer pump. 

The process of the present invention is suitable for polymerizing various olefuiic 
monomers. In particular for polymmzing ethylene, propylene ami 1-butene or mixtures of these 
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monomers. It is also possible to use additional monomers as comonomers. e.g. fiirther a-olefins 
such as 1-pentene, 1-hexene, 1-octene or 1-decene. 

Particular preference is given to a process in wMch ethylene is used as monomer and at 
least one owjlefin having ftom 3 to 8 carbon atoms, preferably 1-butene. 1-hexene or 1-octene. is 
used as comonomer. The amount of comonomer depends on the incorporation behavior of the 
particular catalyst in respect of the comonom«r and on the desired density of the copolymer. The 
more comonomer incorporated into the polymer, the lower the density of the copolymer wttl be. 
A person sIdUed in the art can readUy set the monomenCOmonomer ratio on the basis of these 
considerations. 

If the catalyst pennits. vinylaromatic comonomers such as styrene or polar comonomers 
such as vinyl acetate, vinyl alcohols, acrylic add or aciyUc esters can also be polymerized. 
Cyclic monomers such as norbomene and dienes such as butadi«ie. 1.5-hexadiene or 1.7- 
octadiene are also posable as comonom^s. 

The polymerization process of the present invention can advamageously be carried out at 
from 20 to 150OC. preferably fiom 50 to 1 lOX. with an upper limit being miposed on the 
reaction temperature by the melting point of the polymer to be formed. 

The reaction pressure is usually in the range from 5 to 100 bar, preferably fix«n 10 to 
80 bar. Low pressures are generally associated with low space-time yields, whUe higher 
pressures re«piire an increased capital investment and lead to higher energy costs for 
compression, m general, a reaction pressure in the range from 20 to 50 bar represents a good 

compromisebetween apparatus cost and reaction yield- When supercritical suspension media 
such as supercritical propane are employed, a higher pressure above the critical pressure can be 

appropriate from a technical point of view. 

In a prefened embodiment of the process of the preset invention, the polymerization is 
carried out at a pressure of from 43 to 80 bar. paiticuhirly preferably a pressure of 45-75 bar. 
Polymerizationsinaloopp«>cessareusuallycarriedoutatpressu«sofabout40bar. An 

•mcreaseinthe pressure has littleeffect. In the process of the present invention with high soUds 
concentrations in the reactor, it has surprisingly been found that an increase in the pressure, in 
particular to pressures above 43 bar, has a significant mfluence on the soUds concemration which 
) can be increased forther by means ofthe pressure increase. This effect appears to be due to the 
proportion of suspenaon medium in the reactor oomerts becoming so smaU at high soUds 
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concentrations that the process of dissolution of ethylene in the suspenaon medhim becomes a 
significant fector in determining the polymerization rate. A high ethylene pressure then leads to 
a higher concentration of dissolved ethylene. 

Suitable suspension media fbr the process of die present invention are aU media which 
5 aregenerallyknownforuseinloopreactors. The suspension medium should be inert and be 
Uqmd or supercritical under tiie reaction condHions and should have a boiling pomt which diflfers 
significantiy ftom those of tiie monomers and comonomers used in order to make it possible to 
recover die starting materials fiom the product mixture by distillation. Ekamples of customary 

suspension media are isobutane, butane^ propane, isopentane, pentane and hexane. 
10 An important feature of tiie process of tiie present invention is tiiat it allows 

polymerization at high etiiylene concentrations. High proportions of soUds in the reactor, in tiie 
present context also referred to simply as "reactor density-, result in tiie proportion of tiie 
suspension medium in die reactor being correspondingly tower. . In general, tiie smaller volume 
of tiie suspension medium resuhs in tiie amount of etiiylene in tiie reactor also being lower, 
which leads to reduced polymer formatioa In contrast, tiie process of tiMs present invention 
makes H possible to increase tiie etiiylene concentration in tiie suspension medium and tims 
achieve higher polymer formation and a higher polymerization rate even at high reactor 
doaaties. 

In a prefened embodiment of tiie process of tiie present invention, tiie polymerization is 
20 tiierefore carried out at an etiiylene concentration of at least 10 mol%, based on tiie suspension 
mefium. 

Thus, etiiylene concentrations of 15 mol% and even 17 mol%. based on tiie suspension 
mednim. were achieved in tiie process of tiie present invention. 

In tills context, tiw term "suspension medium" refers not simply to tiie suspension 
25 mediumused, e.g. isobutane. but to tiie mature of tiiis suspension medium witii tiie monomers 
dissolved tiierein. The etiiylene concentration can be determined easily by gas^hromatographic 

analysis of the suspmsion me^um. 

As mentioned at tiie outset, tiie technology of loop reactors hiis been known for a long 
time mgeneraltiieseieactorsconastessentiallyofacyclicreactortubehavingoneormore 
30 ascending and one or more descending segments which are surrounded by cooling jackets for 
removing tiie heat of reaction and also horizontal tube sections which comiect tiie vertical 
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segments. The lower tube section usually accommodates the impeller pump, the feed fiualfties 
for catalyst and monomer and the discharge device, i.e. generally the sedimentation legs. 
However, the reactor can also have more than two vertical mbe sections, so that a meandering 
arrangemrait is obtained. 

5 The present invention makes it possible to cany out a suspension polymerization process 

in a loop reactor at soHds concentrations of more Uian 53% by weight, based on tiie total mass of 
tiie contents of tiie reactor, and thus increase tiie production capacity of tiie loop reactor. These 
high soUds concentrations can be achieved by various means. 

m one embodiment of the present invention, tiie high soUds concentration b achieved by 
LO tiie diameter of tiie cyclic reactor tube being varied by more tiian 10%, based on tiie predominant 
reactor tube diameter. AwideningoftiiereactortubemtiieiegionoftiieimpeUerpump 
necessitated by tiie construction should not be taken into consideration here, suice such a 
widening serves primarily to accommodate tiie impeUer in tiie reaction tube and Mghly turbulent 
flow prevails in tiiis region in any case. Ratiier. tiie invention is based inter atia on tiie 
1 5 observation tiiat. contrary to prevailing opinion. deUberate nonuniform flow of tiie 

polymerization mixture in tiie region of tiie reaction tube even outside tiie r^on of tiie impeller 
makes it possible to increase tiie soBds concentration m tiie reactor. This effect appears, whhout 
wishing to be tied to tiiis hypothesis, to be based on more effective mixing of tiie heterogeneous 
Inaction mixture. In particular, tiie monomer fed in. e.g. etiiylene. is apparentiy dispersed more 
2 0 quickly in tiie reaction nuxture. is dissolved more quickly in tiie suspension medium and is 
availabletoagreaterd^fortiiepolymerization. The removal of tiie heat of reaction also 
appears to be aided, smce tiie disturbance of tiie flow increases motion perpendicular to tiie flow 
direction, i.e. in tiie direction of tiie cooled reactor wall, which occurs to only a very UmHed 

extent in the case of uniform plug flow. 
25 To be able to influence tiie flow conditions m tiiis desired way, tiie reaction tube diameter 

should be varied to a particular degree. The diameter of tiie tube should vary by at least 10%. 
based on tiie predominant diameter oftiie reactor tube. For tiie present purposes, tiie 
predommant diameter of tiie reactor tube is tiie tube diameter which is constant over tiie longest 
stretch of tiie reactor tube. The tube diameter should preferably vary by at least 20%, even better 

30 by at least 30% and very particularly preferably by at least 50%. 
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The conical widening of the reactor tube diameter in the flow direction should have a 
cone angle of about O.S-IO^. preferably 0.5-1.5-, and the cone angle at the narrowing of the tube 
diameter down to the predominant tube diameter should be about 0.5-10°, preferably l-3». 

The length of the sections having a widened tube diameter is preferably from 2 to 30 
5 times the predonnmmt tube diameter, particularly preferably from 5 to 15 times this tube 
diameter. 

In a preferred embodiment of the process of the present invention, there is also an 
additional widenmg and nanxwing of the reaction tube in the region of the impeller pump. As 
mentioned above, such widenings necessitated by the construction are already known. The 
1 0 effect of tiiese widenmgs in accordance wfth the present invention can. however, be increased by 
making tiie widening greater and possibly also ertendmg it over a longer section of tiie tube than 

is required by the construction. 

The effect of tiie present invention in temis of enabling the soUds concentration in the 
reactor to be increased appears to be based, inter aha. on better mixing of the monomer in the 
reaction mfarture. It has been found that tiiis inventive effect can be increased by feeding the 
^nomer. Le. for oaunple ettiylene. in at various points along &e reaction tube. An 
advantageous embodiment of tiie process of tiie present mvention thereftwe comprises feeding at 
least one olefinic monomer in at at least 2 points along tiie reactor tube. It has been found to be 
advantageous fortiie monomer to be fed in at. for example. 3 or 4 points along tiie reactor tube. 

2 0 These feed points can be provided uniformly along tiie reactor tube, and tt is advantageous for 
tiie feed points to be located in each case upstream of tiie widenings of tiie tube, but not in tiie 

r^on of tiie last vertical segment before tiie product discharge region. 

It is known from US-A-6,239.235 tiiat a continuous discharge system can also be usefid 
for increasing tiie soUds concentration in tiie reactor. This measure can be combined with tiie 
25 process of tiie present invention. Accordmgly. tiie present invention also provides a process as 
described above in which tiie polymer formed is discharged continuously from tiie reactor. 

The high soUds concentration in tiie reactor which is sought according to tiie present 
mvention can. as indicated above, be achieved by tiie abovementioned means. Particular 
preference b given to a process in which tiie polymerization is carried out at an average soUds 
30 concentration in tiie reactor of more tiian 53% by weight, based on tiie total mass of tiie contents 
of th« reactor. This solids concentration is preferably above 55% by weight, more preferably 
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above 58% by weight aiid particularly preferably above 60% by weight. As shown in the 
examples. soUds concentrations of more than 62% by weight can be achieved. For the present 
purposes, the average solids concentration is then the soUds concentration in the reaction tube. 
Even higher soUds concentrations can be observed in the discharge system, whether contimious 

5 or discontinuous, due to setfmentatioa 

The high soUds concentrations can be achieved by the measures provided by the present 
invention even without contimious discharge of tire polymer product One variant of the process 
of tiie present invention therefbre comprises discharging the polymer formed ftom tiie reactor in 
a discontimious feshion and carrying out the polymerization at an average soUds concentration in 
1 0 tiie reactor of more tiian 45% by wdght. based on the total mass of tiie contents of tiie reactor. 
Under tiiese conditions, tiie soUds concentration in tiie reactor is preferably above 50% by 
v/agjat, larticulariy preferably above 55% by weight. 

The process of tiie present invention can be operated as a angle-stage process, but can 
also be earned out as a multistage cascade process by combining it with forther polymerization 
15 reactors. One embodunent of tiie process of tiie present invention is tiierefore a process for 

polymerizing at least one olefinic monomer in a loop reactor, wherdn tiie polymerization m tiiis 
loop reactor is preceded or foDowed by at least one fiirtiier polymerization step in a loop reactor 
or a gas-phase reactor. Such cascade processes, albeit witiiout tiie specific features of tiie present 
invention, are described, for example, in EP-A-517 868 and US-A-6 355 741. 
20 Apart fiom tiie above-described distiubance of tiie suspension flow in tiie reaction tube, a 

high reactor density can also be achieved by otiier measures, for example by selection of a 

particularly suitable catalyst. 

Catalysts suitable for use in tiie process of tiie present invention are in principle aU 
catalysts which are also used otiwrwise in loop reactors. i.e.. for example, chromium catalysts of 
die PhilUps type, Zi^er catalysts. Ziegler-Natta catalysts or single-site catalysts such as 
metallocene catalysts. PhUUps catalysts have become particularly widespread in loop reactors, 
and can also be used particularly advantageously in die process oftiie present invention. Among 

tiiese catalysts, particular preference is given to tiiose described in tiie patent appUcations WO- 
01/18069. WO-01/17675, WO-01/17676 and WO-01/90204. It has been determined tiiat, 
30 surprisin^y, that tiiese catalysts make it possible to achieve very high soUds concentrations in 
tiie reactor, even witiiout tiie reactor tube of tiie loop reactor having a varying ttibe diameter. 
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The process of the present invention has numerous advantages over processes in which 
the solids concentration in the reactor is lower: the consumption of suspension medium is lower, 
the catalyst productivity is greater, the reactor throughput is greater, the spac&-time yield is 
greater, without significant additional capital investment being necessary. Since the process also 
5 makes it possible to obtam products having a particularly high molecular weight low mek 
flow rates), a higher activation temperature can be utilized for preparing products having an 
intermediate molecular weight when using Phillips catalysts. Activation at a higher activation 
temperature generally leads in turn to mqre active catalysts, so that the resuhing polymws have 
lower proportion of catalyst rerfdues. 
10 The products resulting from the process of the present mvention also display a number of 

advantages. Compared to conventionally produced products^ they display a lower level of 
catalyst residues (ash), a higher powder density, lower proportions of very fine particles and 
tiierefore better handleabUity. The low proportion of catalyst residues usually also results in 
more homogeneous products having fewer ^ecks. 
15 The ecamples which foUow Ulustrate the process of tiie invention: 

Examples 

Preparation of catalyst A: 

The preparation of tiie catalyst up to tiie activation step was carried out by the metiiod 
described in WO 01/90204. Activation was tiien carried out at 520»C in tiie presence of air in a 
20 fluidized4)ed activator. Fhioride doping was carried out by use of a mixture of tiie catalyst 

precursor witii 2.5% by weight of ammonium hexafluorosiHcate (resulted in a fluoride content of 
about 1%-by weight, based on tiie total mass of tiie catalyst) in tiie activation. For activation, tiiis 
mixture was heated to 3 SOX over a period of I hour, maintained at tiiis temperature for 1 hour, 
subsequentiy heated to tiie desired activation temperature of 5200C. maintained at tiiis 
temperature for 2 hours and subsequentiy cooled, witii cooling below SSO-C being carried out 

under N2. 
P(riymerization: 

Etiiylene was copolymerized witfi 1-hexene at 104">C and a pressure of 39 bar using tiie 
abov^escribed catalyst in a loop reactor havmg a reactor vohime of 0.18 m^ Etiiylene was fed 
30 into tiie reactor at two points, one shortiy before tiie impeller. Isobutane was used as suspension 
medium. The isobutane was fed into tiie reactor at 6 points, including m tiie region of tiie 
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impeller pump Shaft and the place Where the catalyst w The impeller pump was 

operated at 1700-1900 revolutions per minute. The product was discharged disconUnuously via 
customary sedimentation legs. Polymerizations were carried out at slightly diflferent 
ethylene/isobutane ratios, but the resulting pro^^^ 
and a high-load melt index (21.6/190) of about 2.0. 

Further polymerization parameters are listed in Table A below: 
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Table A: 



s using the chromium catalyst A 



Experiment No 

Ethene addition (kg/h) 



Tsnhiitane addition (kg/h) 




Ethene5sobutane 
Ethene fraction in suspension 
medium (mol%) 



Solids concentration m 
reactor (% bv weight) 
Productivity 
(ff polymer/g catalyst)^ 
Powder density (kg/m ) 
Fine dust (% by weight of 
particles < 125 



Preparation of catalyst B: 

The preparation was carried out like that of catalyst A, but activation was carried out at 

600**C for 10 hours without fluoride doping. 
Polymerization: 

Ethylene was polymerized with l-hexene at 102"C and under condition indicated in 
Table B using the catalyst B in a loop reactor having a reactor vohime of 32 Isobutane 
addition and circulation were carried out as inExample A. The conations were chosen so that a 
polymer having a density of 0.946 g/cm' and a high-load melt index (21.6/190) of about 6.0 is 
formed, it can clearly be seen from the experiments at di^rent pressures that an increase m the 

pressure has a significant influence on the soUds concentration in the reacttjr. 
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Table B; Polymerizations using die chromimn catalyst B 



Experiment No, 

Reaction pressure (Da ri 
Ethene addition (t/h) 
Isobutane addition (t/h' 

Ethene/isobutane 

Ethene fraction in suspension 
medium (vol%' 
Solids concentration in 
reactor (% b v weight) 
Powder density (kfi/m'' 
Fine dust (% by weight of 
^articles < 125 tim] 
Ash residue (ppm] 



1.29 I 1.31 I 1.49 



11.7 11.7 12.4 



6-B 



4.7 4,7 



1.49 1.49 



13.5 13.5 



7-B 



1.49 



14.4 



56.2 



477 



0.3 



180 



Preparation of cata^t C: 

The catalyst was prepared 



in EP-Bl-589350, example 2, but at an activation 



iperature of 520^C and an activation time of 5 hours. 



Polymerization: 

Ethylene was polymerized with 1-hexene at loe^C in the presence of 0.13-0.14 ppm of 
caibon monoxide and under the conditions indicated in Table C using the catalyst C in a loop 
reactor having a reactor volume of 32 Isobutane addition and drculation were carried out 
in Example A. The conditions were chosen such that a polymer having a density of 0.954 g/cm 
and a high-load mett index (21.6/190) of about 2.0 is formed. 



Table C: Pohrmeiizations usinj 

Experiment No. 
Reaction pressure (bar] 
Ethene addition (t/h] 
Isobutane addition (t/h^ 

Ethen^sobutane 

Ethene fiaction in suspension 

medium (vol%) 

Solids concentration in reactor 
(% by weight] 

Ash residue (ppm] 

Fine dust *>y weight of 
)articles < 125 yaa) 
Powder density (kg/m^) 



the chromiam cat 
4-C 



1.19 
9.5 



51.6 



380 
1.0 

l95 



7-C 



43.5 



3.7 



57.2 57.2 



57.2 57.4 
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Fotymerization in the presence of catatyst D: 

Ethylene was polymerized with 1-hexene at 106.7°C and under the conditions indicated 
in Table C using the catalyst D (catalyst 967 BWEL from Grace) in a loop reactor having a 
reactor volume of 32 m^ Isobutane addition and circulation were carried out as in Example A. 
The conditions were chosen so that a polymer having a density of 0.954 g/cm' and a high-load 
melt index (21.6/190) of about 2.0 is formed. 
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1 fable D: Polymerizations nsingt 
1 Experiment No. 


he chromium 
1-D 


catalyst D 
2-D 


Reaction oressure (b^ 


42.5 


46.5 


Ethene addition (t/h) 


6.0 


6.0 


Isobutane addition (t/h) 


5.1 


3.7 


1 Bthene/isobutane 


1.18 


1.62 


Ethene fiaction in suspension 
1 medium (vol%) 


10.0 


15.0 


I Solids concentration in reactor 
(% by weight) 


50.4 


59.9 


1 A shins residue funm') 


310 


220 


1 Powder dena^ < 


JSgftXl ) 


475 


500 



Polymerization in the presence of catalyst E: 

Etliylene was polymerized with 1-hexene at 95^0 and under the conditions indicated in 
Table C using the catalyst E (Ziegler catalyst Sylopol 595 1 ftom Grace) m a loop reactor havmg 
a reactor volume of 32 m^ Isobutane addition and circulation were carried out as in Exam 
The conditions were chosen so that a polymer having a density of 0.951 g/cm^ and a mete index 
(2.16/190) of about 6.0 is formed. 



Reaction pressure (bar) 
Ethene addition (t/ii 



Isobutane addition (t/h] 

Ethene/isobutane 

Ethene fraction in suspension 

medium (vol%j 

Solids concentration in reactor 
(% bv weight) 



Powder di 



12.5 




Ziegler c ataly st 
4-E 




43.5 



43.5 



43.5 
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We dam: 

1 . A process for polymerizing at least one olefinic monomer in a loop reactor at ftom 20 to 
150°C. but below the melting point of the polymer to be formed, and a pressure of from 5 
to 100 bar, vdiere the polymra- formed is present in a suspension in a liquid or 

5 supercritical suspension medhun and this suspension is circulated by means of an 

impeller pump, wherein the polymerization is carried out at an average solids 
concentration in the reactor of more than 53% by weight, based on the total mass of the 
contents of the reactor, in the case of continuous product discharge and at an average 
soUds concentration in the reactor of more than 45% by weight, based on the total mass 

1 0 of the contents of the reactor, in the case of discontinuous product discharge. 

2. A polymerization process as claimed in daim 1, wherein the loop reactor comprises a 
cyclic reactor tube whose diameter varies by at least 10%, based on the predominant 
reactor tobe diameter, and in which there is at least one widening and narrowing in a 
re^on other than that of the impeller punq>. 

A process as claimed m claim 1 or 2, wherran there is an additional widenmg and 
narrowing of the reactor tube in the r^on of the impeller pump. 

4. A process as claimed in any of the preceding claims, wherein the polymerization is 
carried out at pressure of form 43 to 80 bar. 

5. A process as claimed in any of the preceding claims, wherein ethylene is used as 
20 monomer and at least one a-ole£m having from 3 to 8 carbon atoms is used as 

comonomer. 

6. A process as claimed in any of the preceding claims, wherein at least one olefinic 
monomo^ is fed in at at least 2 points along the reactor tube. 

7. A process as chiimed in any of the preceding claims, wherein the polymer formed is 
25 discharged continuously from the reactor. 

8. A process as claimed in any of the preceding claims, wherein the polymerization is 
carried out at an ethylene concentration of at least 10 mol%, based on the suspension 
medium. 

9. A process for polymerizing at least one olefinic monomer in a loop reactor as claimed in 
30 any of the preceding claims, wherein tiie polymerization in tiiis loop reactor is preceded 
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or followed by at least one fiirther polymerization step in a loop reactor or a gas-phase 
reactor. 
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Abstract 

Process for polymerizing at least one olefinic monomer in a loop reactor at from 20 to 
ISOX, but below the melting point of the polymer to be formed, and a pressure of from 5 to 
100 bar. where the polymer formed is present in a suspension in a liquid or supercritical 
suspension medium and this suspension is circulated by means of an impeller pump, wherein the 
polymerization is carried out at an average soUds concentration in the reactor of more than 53% 
by weight, based on the total mass of the contents of the reactor, in the case of continuous 
product discharge and at an average solids concentration in the reactor of more than 45% by 
weight, based on the total mass of the contents of the reactor, in the case of discontinuous 

* 

product (fischarge. 
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